Peripheral nerve regeneration through alginate gel: analysis of early outgrowth and late increase in diameter of regenerating axons.
Our previous study revealed that alginate gel cross-linked with covalent bonds promoted peripheral nerve regeneration in the cat and rat. The present study analyzed nerve regeneration through alginate gel in the early stages within 2 weeks and the late stages up to 21 months after implantation. Four days after surgery, regenerating axons grew without Schwann cell investment through the partially degraded alginate gel, being in direct contact with the alginate without a basal lamina covering. Numerous mast cells infiltrated into the alginate. One to 2 weeks after surgery, regenerating axons were surrounded by common Schwann cells to form small bundles, with some axons at the periphery being partly in direct contact with alginate. At the distal stump, numerous Schwann cells had migrated into the alginate 8-14 days after surgery. They had no basal laminae. The diameter of regenerated myelinated fibers was small (approximately 1 micro m) at 8 weeks, but increased in diameter, having a distribution pattern similar to that of normal nerve 21 months after surgery. Much better nerve regeneration was found in alginate gel-, than collagen sponge-, and fibrin glue-implanted distal stump 12 months after surgery. These results indicate that alginate gel has good biocompatibility for regenerating axon outgrowth and Schwann cell migration, and that regenerated fibers can have a diameter as thick as that of normal fibers in the long term. Alginate gel is a promising material for use as an implant for peripheral nerve regeneration.